Five steers (385 kg) fitted with permanent abomasal cannulae were used to compare Ca source (limestone or dicalcium phosphate) and corn level on site and extent of digestion. Diets contained 50, 70 or 90% corn, with corn silage and supplement to provide .70% Ca from either limestone or dicalcium phosphate. Limestone did not affect ruminal digestion, but postruminal starch and neutral detergent fiber (NDF) digestion were higher (P<.05) for limestone compared with dicalcium phosphate, which suggests that starch utilization may be increased postruminally by a compound with buffering capacity. As a percentage of total starch intake, total tract and ruminal starch digestion increased (linear, P<.01) while postruminal starch digestion decreased (linear, P<.01) with corn level. Neutral detergent fiber digested in the rumen decreased (linear, P<.01) and postruminal NDF digestion increased (linear, P<.01) when level of corn in the diet increased. Effects of corn level were not different when organic matter and starch intake were included as covariates.
Introduction
Several reports suggest that limestone affects nutrient digestion. Varner and Woods (1972) compared 70% concentrate diets that contained .05 or .74% limestone. They found that the higher level of limestone increased digestibility of organic matter, energy and cellulose. However, Russell et al. (1980) reported no significant differences in fecal starch, fecal pH, ruminal pH or volatile fatty acid concentration in feedlot steers fed diets containing .4 or 1.8% limestone. Brink et al. (1984) reported a significant decrease in fecal starch percentage and increase in fecal pH with additional (.6 vs 1.5%) limestone in 80% grain diets fed to cattle.
The level of grain and starch intake have also been reported to affect starch digestion. Nicholson and Sutton (1969) and Otchere et al. (1974) showed that level of starch intake did not influence extent of ruminal or total tract starch digestion. However, Galyean et al. (1979) fed an 84% cracked corn diet and observed that starch digestion coefficients at 1.67 or 2.00 times maintenance intakes were lower when compared with intakes of 1.00 or 1.33 times maintenance. Russell et al. (1981) reported a trend toward reduced starch digestibility as the intake of a corn silage-corn diet increased. Joanning et al. (1981) showed that starch digestion for a diet containing 73% grain was significantly lower than for diets containing 20, 46 or 100% grain. The purpose of this experiment was to compare the effects of limestone and dicalcium phosphate in diets containing different amounts of starch and to investigate further the effect of corn level on site and extent of starch digestion. housed in 1.5 x 2.4 m individual pens in a 25 C temperature-controlled room.
Two Ca sources (limestone and dicalcium phosphate) were fed with three levels (50, 70 and 90% on a dry matter basis) of cracked corn (approximately 2,000 /am geometric mean diameter). Fine limestone, which was described by Brink et al. (1984) , and feed grade dicalcium phosphate were used. The remainder of the diet consisted of corn silage and 6.0% dry supplement. Supplements (table 1) were corn-based and formulated so that complete diets contained 11.5% crude protein with urea as the supplemental protein source and .70% dietary Ca from either limestone or dicalcium phosphate. The limestone-supplemented diets contained monosodium phosphate to equalize phosphorus, and the dicalcium phosphate supplement contained salt to equalize the amount of Na in the diets. Chromic oxide was fed at .25% of the diet dry matter and mixed with other diet ingredients at feeding. The experimental diets were fed ad libitum every 12 h. Laboratory analyses of experimental diets were conducted to determine nutrient compositions (table 2) . Each period consisted of a minimum of 17 d with a 5-d adjustment to the new diets and an additional ad libitum feeding phase of at least 8 d.
Abomasal samples consisted of approximately 200 ml of whole abomasal contents from each steer on d 14, 15, 16 and 17 at 3, 6, 9 and 12 h after feeding (Knight et al., 1972) . Feces (sampled from rectum), diet and orts were sampled once/d on d 12 (3 h after feeding), 13 (6 h after feeding), 14 (9 h after feeding) and 15 (12 h after feeding). A combination electrode was used to determine pH of the freshly collected, whole abomasal digesta. After pH determination, approximately 5 ml of 5% mercuric chloride was added to the samples to stop microbial activity. Fecal pH was determined on a slurry made from 15 ml of fresh wet feces and 100 ml of distilled, deionized water using a combination electrode. Fecal samples were transferred to plastic bags, sealed and frozen. Fecal samples were composited over days for analyses. Abomasal digesta was separated into solid and liquid fractions by centrifugation (Beckman Model J2-21 refrigerated centrifuge) at 10,400 • g for 10 min. The solid fraction was transferred to plastic bags, sealed and frozen. Abomasal solids were dried in a Virtis freeze dryer and ground through a l-ram screen in a Wiley Mill. Samples were then composited over days for analyses.
Abomasal, fecal, feed and oft samples were anlyzed for dry matter, organic matter, starch, neutral detergent fiber, ash and Cr. Intakes were corrected for nutrient content of orts. Starch was measured as alpha-linked glucose polymer by the enzymatic digestion method of Smith (1969) , modified by using Tris-glucose oxidase (Dahlqvist, 1964) in an automated procedure. Neutral detergent fiber was determined by the method for concentrate feedstuffs described by Robertson and Van Soest (1977) . Crude protein content was determined on feed samples by the Kjeldahl procedure (AOAC, 1980) . Chromium concentration was determined by atomic absorption spectroscopy (Williams et al., 1962) . Total tract and ruminal digestion for dry matter, organic matter, neutral detergent fiber and starch were calculated by ratio of Cr in feed to Cr in feces and abomasal samples. Postruminal digestion was determined as total tract digestion minus ruminal digestion.
Data were analyzed statistically as a 2 x 3 factorial arrangement of treatments fitted in a 5 • 6 Youden square design by the general linear models procedure through the use of the Statistical Analysis System (SAS, 1979) . Level of corn, Ca source and linear and quadratic interactions of Ca source with corn level were tested.
Results and Discussion
No significant interactions between source of Ca and level of corn were observed. When the amount of corn in the diet increased, grams of organic matter intake decreased (linear, P<.01; table 3). As a percentage of total organic matter intake, total tract and postruminal organic matter digestion increased a100% dry matter basis.
bstandard error of means.
Cpercentage of organic matter intake.
dpercentage of amount available.
(linear, P<.01) as the level of corn increased. Joanning et al. (1981) showed an increase in dry matter digestibility as amount of corn added to a corn silage-based diet increased. Also, Galyean et al. (1979) indicated a significant increase in total organic matter digestion as organic matter intake decreased. Postruminal partial digestion coefficients also increased (linear, P<.01) with level of corn. Intestinal organic matter digestion was not affected by intake in the study conducted by Galyean et al. (1979) . Starch intake, ruminal and total tract starch digestion (g/d) increased (linear, P<.01) as amount of corn in the diet increased (table 4). The amount of starch digested postruminally was not affected (P=.18) by level of corn but decreased numerically as level of corn increased. As a percentage of total starch intake, total tract and ruminal starch digestion increased (linear, P<.01) while postruminal starch digestion decreased (linear, P<.01) as level of corn was increased. Increased ruminal starch digestion with level of corn may be a result of increased rumen starch retention time. Dunlop (1972) , Slyter (1976) and Counotte and Prins (1979) have reported decreased rumen pH and reduced rumen motility in ruminants fed high concentrate diets. Also, Annison and Lewis (1959) and Hungate (1966) indicated that in ruminants consuming diets containing high amounts of starch and little or no forage, the number of ciliate protozoa are depressed and bacterial starch utilizers are increased. Therefore, the microbial population may also be better adapted to starch digestion, which may increase ruminal starch digestion on a 90% corn diet compared with a 50 or 70% corn diet.
The amount of starch presented to the lower tract was 1,886, 1,601 and 1,522 g/d for 50, 70 and 90% corn diets, respectively; however, postruminal partial digestion coefficients increased -86.0 (50% corn), 87.4 (70% corn) and 89.5% (90% corn). This increase in postruminal starch digestion associated with the decrease in the amount reaching the lower tract agrees with results of Karr et al. (1966) and Galyean et al. (1979) .
Decreased rumen and postrumen starch digestion at lower corn levels resulted in less total tract starch digestion. These data strongly support the conclusion that incomplete starch digestion is a major reason for decreased dry matter digestion observed when corn are fed in mixtures (Joanning et al., 1981) .
The conclusion of Joanning et al. (1981) is further supported by neutral detergent fiber (NDF) data (table 5). When expressed both as percentage of NDF intake and g/d, ruminal bstandard error of means calculated on an organic matter basis.
Cpercentage of NDF intake.
dpercentage of NDF available.
NDF digestion decreased (linear, P<.01) as level of corn increased. The negative associative effect of starch on ruminal fiber digestion is in agreement with Burroughs et al. (1949) , Hershberger et al. (1956 ), el-Shazley et al. (1961 , Byers (1974) and Joanning et al. (1981) . However, postruminal NDF digestion increased (linear, P<.01) as level of corn increased. Therefore, total tract NDF digestion was not significantly affected by level of corn. Significance levels for the effects of starch and NDF digestion were not different when organic matter and starch intake were included in statistical models as covariates (table 6) . Abomasal pH was not significantly affected by level of corn (table 5) . Fecal pH decreased (linear, P=.02) as level of corn increased, which is in agreement with Galyean et al. (1979) , Russell et al. (1981) , DeGregorio et al. (1982) and Turgeon et al. (1983) .
Calcium source did not significantly affect organic matter intakes (table 7) . Ruminal organic matter digestion (percentage of organic matter intake) was lower (P=.06) for limestone compared with dicatcium phosphate. Although not statistically significant, ruminal starch and NDF digestion was lower for limestone compared with dicalcium phosphate. The reason for higher ruminal digestion with dicalcium phosphate supplementation compared with limestone is unknown. However, it appears that limestone did not improve ruminal digestion, which would agree with Haaland and Tyrrell (1982) who showed no effect of limestone on rumen fluid pH or total volatile fatty acid concentration.
Postruminal organic matter digestion was higher for limestone, both as a percentage of total organic matter intake (P<.05) and percentage of organic matter presented to the lower tract (P=.10). In addition, postruminal starch and NDF digestion coefficients were higher (P<.05) for limestone compared with dicalcium phosphate. Therefore, total tract starch digestion was higher (P<.05) and total tract organic matter and NDF digestion numerically higher for steers fed limestone compared with dicalcium phosphate.
Fecal and abomasal pH were not significantly affected by Ca source, but fecal pH of steers supplemented with limestone was numerically higher than for cattle supplemented with dicalcium phosphate. Significant increases in fecal pH with limestone additions have been observed by Haaland and Tyrell (1982) and Brink et al. (1984) . bpercentage of organic matter, starch or NDF intake.
Cpercentage of organic matter, starch or NDF available.
These data suggest that the increased digestion observed by Varner and Woods (1972) with limestone additions may be related to improved postruminal nutrient digestion. The exact means by which limestone may improve postruminal digestion cannot be determined from these data. However, Russell et al. (1981) indicated that in some cases, small intestinal starch digestion may be increased 20 percentage units by an increase in small intestine pH. Therefore, the improvement in digestion may be related to the buffering ability of limestone.
